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ABSTRACT  
Background:  Low birth weight (LBW) is an important risk factor for infant 
developmental problems, morbidity and mortality. Low birth weight babies are 
twenty times more likely to die during the neonatal period than their normal weight 
counterparts. Although risk factors for low birth weight vary from one community to 
another, maternal risk factors for low birth weight in the South Rand Hospital 
(Johannesburg, Gauteng) catchment area have not been investigated. The objective of 
this study was to determine maternal risk factors for low birth weight in South Rand 
Hospital, Johannesburg.  
Method: This 1: 1 matched case-control study was conducted on a total of 480 
mothers who delivered babies at South Rand Hospital between 1 January 2013 and 31 
December 2014. The cases were 240 mothers who delivered singleton term live LBW 
babies. They were matched with an equal number of controls. 
Results: Conditional logistic regression showed that, no anaemia in the third trimester 
(OR=0.54, 95% CI= 0.30-0.99), immigration status (OR= 0.46, 95% CI= 0.25- 0.85) 
and four or more antenatal care clinic attendance (OR=0.36, 95% C.I= 0.12- 0.76) 
were protective factors, while smoking during pregnancy (OR= 8.69, 95% CI= 2.70-
28.35) predisposes to delivering a LBW baby.  
Conclusion: The results showed that smoking during pregnancy is a risk factor for 
LBW, while maternal third-trimester haemoglobin level of 11g/dl or more, immigrant 
status, and more than three ANC visits were protective factors for delivering LBW 
baby.     
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GLOSSARY OF TERMS 
 
Low birth weight: Baby weighing less than 2500g at birth. Weight should ideally be 
taken within an hour of delivery before postnatal weight loss occurs. 
Term pregnancy: A pregnancy that has duration of at least 37 completed weeks 
Preterm birth: Baby delivered before 37 completed weeks of gestation. 
Intra uterine growth restriction: This refers to a situation whereby a foetus did not 
reach its growth potential because of genetic and/or environmental factors. 
Small for gestational age baby: Birth weight less than 10th centile of gestational age 
for sex of the baby. 
Primary health care: This is a health facility that serves as the entry point into the 
health care system. It offers basic essential health care services. 
Community health centre : This is a health centre that is open 24 hours a day and 
seven days a week. It offers a wide range of primary health care services including 
accident and emergency and midwifery services, but not surgery under general 
anaesthesia.  
District hospital: This is a health facility which offers a range of inpatient and 
outpatient services that are mostly within the scope of a general medical practitioner. 
It has a functional operating theatre where operations are regularly performed under 
general regional or general anaesthesia. 
Weight gain per week:  This is the weight gain by a pregnant woman during 
pregnancy divided by the number of weeks over which the weight gain occurred.
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CHAPTER 1 
INTRODUCTION 
 
1.1 Background 
 
Low birth weight (LBW) is defined by the World Health Organization (WHO) as a 
birth weight of less than 2500g.1 Etiologically, it could result from premature 
interruption of pregnancy (preterm) and/or intra-uterine growth restriction (IUGR).2 
LBW may be associated with foetal exposure to unfavourable maternal conditions 
during pregnancy, such as smoking, alcohol consumption, malnutrition and 
inadequate antenatal care.3 LBW is a potentially preventable public health issue 
common in low and middle-income countries.4 Statistics show that every ten seconds, 
an infant dies in low or middle-income countries of causes attributable to LBW.5  
Children born with LBW have schooling and a variety of health problems which can 
limit their physical, cognitive and mental development. LBW babies are twenty times 
more likely to die in their first year of life than their heavier counterparts.6 Adults 
born with low birth weight have a higher risk of developing chronic illnesses like 
systemic arterial hypertension, non-insulin dependent diabetes mellitus, coronary 
artery disease and stroke.  
 
Factors predisposing to LBW among term babies can be classified into maternal, 
foetal and genetic factors. Maternal factors can be further classified into, socio-
demographic and clinical factors. Maternal socio-demographic factors include age, 
race, educational level, smoking, alcohol, marital status, immigration status and 
employment status. Maternal clinical factors include nutritional status before and 
during pregnancy, infections during pregnancy, timing of and number of antenatal 
care (ANC) visits and chronic illnesses like diabetes mellitus and systemic 
hypertension. 
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This study was conducted to investigate the following maternal factors; Human 
Immunodeficiency Virus (HIV) infection, antenatal care attendance, systemic arterial 
hypertension, immigration status, race, smoking, alcohol consumption and 
employment status as explanatory variables for delivery of LBW baby at term 
amongst women who delivered at South Rand Hospital. Mothers with chronic 
conditions like diabetes mellitus, epilepsy, asthma, and cardiac diseases are usually 
referred to a higher level of care for their deliveries. These conditions were not 
investigated as explanatory variables for delivery of LBW baby in this study. 
 
1.2 Rationale for the study 
 
 
 
The incidence of LBW in a society is often used as a primary indicator of children’s 
health in the society at a specified time.7 The WHO uses LBW rates along with 
maternal nutritional status as primary indicators of public health and prenatal care.8  
Incidence of Low birth weight in Gauteng province increased from 11% to 16% over 
three years (2008-2011).9 It is worrying that this rate which predicts new-born health, 
their ability to survive and the quality of antenatal care given to pregnant women is 
increasing at such an alarming rate.3 
 
Evidence from Anglo-Saxon communities suggests that LBW babies have more 
adverse short and long term outcomes compared to normal birth weight babies. They 
have a high neonatal treatment cost, high probability of mortality in infancy and lower 
educational attainment and labour market outcomes.10 A high rate of low birth weight 
babies increases the burden of care on the healthcare system.11 For example, due to a 
high burden of babies with LBW and a limited number of mechanical ventilators and 
other resource constraints, infants weighing less than 1000 grams are not offered 
mechanical ventilation at a referral hospital in Johannesburg.12 Similarly, there is a 
quota restriction on the use of exogenous surfactant for preterm LBW babies who 
needed surfactant because of resource constraints.  
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Low birth weight babies spend more days on admission in the hospital especially in 
their first years of life than their normal birth weight counterparts.13 An average cost 
of admission and treatment per LBW baby for the first two weeks of life at a 
government facility in the Eastern Cape was estimated to be R12, 000 in 2008.14  In 
America, neonatal cost for a new-born weighing between 500 – 700g was $224 400 
while the cost for new-born weighing more than 3000g was $1000.15 
 
Controversies still exist on the determinants of LBW. This is because of the difficulty 
in finding factors that are frequently associated with LBW in different communities. 
This difficulty arose because different social realities operate in different 
communities.3 Sub-Sahara Africa has a limited evidence on neighbourhood factors for 
LBW.16 The researcher while working at South Rand Hospital observed an increase in 
the number of LBW babies delivered at the hospital, but literature review showed that 
there was no published study which investigated maternal risk factors and low birth 
weight in SRH catchment area. The leaves a knowledge gap about the maternal risk 
factors for low birth weight among women who delivered at SRH. These factors may 
be context-specific. Therefore, this study was conducted to identify local maternal 
risk factors for low birth weight that may be amenable to policy decisions.  
 
This study community may have some peculiarity in terms of immigration status and 
access to antenatal care and delivery. Immigration status is a peculiarity because of 
the then policy decision made by the Gauteng Department of Health requiring non-
South African patients to pay a deposit fee of R8000 before obstetric services were 
rendered at SRH.17 Little is known about the effect of immigration status on low birth 
weight.18 This type of study may help to determine the effect of maternal immigration 
status on the birth weight of their babies in this community. It may also help in the 
development of context specific interventions to reduce the rate of LBW. The birth to 
twenty research programme of the University of Witwatersrand did not specifically 
look at risk factors for low birth weight.19 Also, the Perinatal Problem Identification 
Programme (PPIP) only collect detailed information on mothers whose babies died.10 
For LBW babies, only general count data are captured and there is no additional 
information on the types of risks the mothers were exposed to during pregnancy. 
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CHAPTER 2 
LITERATURE REVIEW  
 
A literature review on maternal risk factors for low birth weight was carried out using 
the following databases; Google Scholar, PubMed, Cochrane, Medline, CINAHL and 
Science Direct. Electronic repositories of research reports of South African 
Universities were searched for relevant studies. Search terms used included, low birth 
weight, small for gestational age, preterm, term, maternal factors, pregnancy outcome, 
risk factors, developing, developed, South Africa, immigration, meta-analysis, case-
control and regression. Reference lists of the relevant studies were also searched. This 
literature search showed that low birth weight has been a public health concern for a 
long time and that maternal factors for low birth weight may vary from one region to 
another. However, there is a paucity of published research in South Africa specifically 
on maternal risk factors for low birth weight.  No studies have been conducted in a 
level one hospital in South Africa. Among the published studies, none of them used a 
matched case-control design.   
 
2.1 Definition and incidence of low birth weight 
 
Birth weight is the first weight of a new-born obtained soon after delivery.20 Ideally, it 
should be measured within the first hour of life, before postnatal weight loss occurs. 
In 1967, the WHO defined an infant weighing less than 2500 grams at birth as a low 
birth weight baby.21 This practical cut-off point is based on epidemiological 
observations that new-born babies weighing less than 2500 grams at birth are 
approximately twenty times more likely to die during the infancy period than heavier 
babies.22 This practical cut-off point was also set for international comparison to be 
made. 
 
The birth weight of a baby is determined by both the duration of the pregnancy and 
the rate of foetal growth during the pregnancy. Therefore, LBW could result from, 
delivery before thirty seven completed weeks of pregnancy (preterm) and/or a small 
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for gestational age (SGA) baby. A Small for Gestational Age baby is a baby whose 
weight at birth falls below the tenth centile for its gestational age and sex.23 Causes of 
SGA baby could be intrauterine growth restriction (IUGR) and/or a genetic factor. 
About 70% of LBW babies are born preterm, and 30% are termed SGA (37 or more 
weeks of gestation).1 
 
The worldwide incidence of LBW is 15.5%, but country-specific incidence rates vary 
from one country to another.22 It varies from a mean value of 25% in India to 7.6% in 
the USA, 5.6 % in Scandinavian countries and 6.1% in the United Kingdom. South 
Central Asia has the highest incidence rate of 27% and this accounts for more than 
half of LBW babies born worldwide. South and Central America have an average 
LBW incidence of 10%, the Caribbean 14%, these are about the same values as sub-
Saharan Africa (13-15%).  
 
Low birth weight could be classified into preterm SGA, preterm AGA (appropriate 
for gestational age), term SGA and term AGA. Since LBW in low and middle-income 
countries is mainly due to IUGR, this study is methodologically about maternal risk 
factors for term SGA. This is done to specifically identify maternal risk factors for 
this sub-set of LBW babies. The incidence of SGA in Brazil is 13.1%, 15.8% in 
Tanzania and 8.4% among South Indian women.24 Sub-Sahara Africa has SGA at 
term incidence rates of 23.5%.25  
 
Over twenty million babies are born annually with LBW.22 Ninety-six percent of 
LBW babies are born in low-income countries. In low-income nations, the incidence 
of LBW is underestimated because some births take place outside the healthcare 
facilities where birth weights cannot be measured and documented. Sub-Sahara Africa 
accounts for the births of three million LBW babies annually. Literature shows that 
many low-income nations have a LBW incidence rate that is above the internationally 
recommended cut-off levels. 
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2.2 Aetiology of low birth weight: risk factors 
 
As a result of the profound health and social consequences of low birth weight, causes 
of LBW have been the focus of multiple investigations over the last few decades.26 
Causes of LBW could be iatrogenic (early induction of labour or caesarean section), 
multiple pregnancies, infections, chronic conditions such as diabetes mellitus and 
arterial systemic hypertension. These factors can be grouped into maternal and foetal 
factors. This literature review focused on maternal factors for LBW in general and 
specifically SGA at term. 
 
2.3  Maternal risk factors for low birth weight  
 
Some maternal factors have been associated with low birth weight. They include 
socioeconomic, clinical, environmental, genetic and behavioural factors. In this 
literature review, maternal socio-demographic, clinical and behavioural factors will be 
discussed in line with the aim of the study. 
 
2.3.1 Maternal socio-demographic factors 
2.3.1.1 Maternal age  
 
Pregnancy outcome such as birth weight is less satisfactory among adolescent 
mothers and women older than 35 years.27 However, controversy still looms as to 
whether age itself independently determines the intrauterine growth rate or the 
duration of gestation. The biological plausibility that incidence of LBW will be higher 
in extremes of maternal reproductive ages has been supported by epidemiological 
studies. These epidemiological studies showed that in the lower extreme of maternal 
age (less than 19 years), it is thought that pregnancy outcome could be a result of 
maternal social deprivation leading to the observed effect and not as a manifestation 
of maternal age itself.  
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Most adolescent mothers are single with little or no income and poor or no prenatal 
care. They are often involved in illicit drug use and they are usually late in seeking 
antenatal care because of the unplanned nature of their pregnancies.12 As a result of 
these factors, they are more likely to deliver a LBW baby. In addition to this, the 
blood supply to the cervix and uterus are yet to fully develop in adolescent mothers, 
this leads to poor blood supply to the developing foetus. Nutritional competition 
between the developing adolescent mother and her foetus has also been suggested as a 
possible aetiology for delivery of low birth weight babies by these mothers.27 In 
America, the most important predictor of LBW in the adolescent age group is 
inadequate prenatal care and an adverse obstetric history.28  
 
It is believed that pregnancy at the age of 35 years and above is associated with higher 
occurrences of pregnancy complications such as arterial systemic hypertension and 
diabetes mellitus than in younger women. Higher maternal age may also be associated 
with high use of artificial reproductive techniques which may contribute to higher 
rates of preterm births and LBW.29 Some authors suggest that the risk of LBW in 
mothers over 35 years is related not to maternal age itself, but to other processes like 
arterial systemic hypertension, diabetes mellitus and increased atherosclerotic 
disorders at myometrium level which are more common among older women than 
younger women.12  All the above conditions increase the risk of delivering a LBW 
baby. Most studies agree that age is a risk factor for low birth weight. 
 
2.3.1.2 Maternal marital status  
 
Marital status or cohabitation is closely related to socioeconomic status. In high-
income countries, cohabitation is independent of income, occupation and education 
status. Most of the time, cohabitation reflects life-style-based choices among people 
of middle and upper social classes. Any effect of cohabitation on the rate of 
intrauterine growth and/or duration of pregnancy might occur in mothers through a 
psychological pathway (e.g. stress) independent of their socio-economic status.   
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Studies have shown that being married has a protective effect on LBW.12When 
married women were separated from their partners in subsequent pregnancies; they 
had a 1.4 increase in relative risk of delivering LBW babies compared to women who 
were still married. Among women who became married after delivery in a single 
marital state, the relative risk of delivering a LBW baby decreased by 0.8. This 
finding was supported by a similar study in Nigeria,30 but a study conducted in 
Botswana report that the effect of being married disappeared when a control group 
was introduced. Premature delivery was 1.8 times more common for unmarried 
mothers and this effect remained even when control groups were introduced.31 
 A meta-analysis by Kramer on LBW stated that evidence for marital status as an 
independent determinant of LBW is inconclusive, although, contributory studies to 
this conclusion were all conducted in developed countries.26 There is a paucity of 
local study that investigates effects of marital status on birth weight. A study in Cape 
Town by Oliver reported that single mothers were more likely to deliver a LBW baby 
with an odds ratio of 1.73.32 The basis for the protective effect of marriage may be 
due to social, psychological, emotional and financial support offered by marriage 
partners. Married mothers also tend to have better health status compared to 
unmarried mothers. Further research is needed to understand the mechanism of the 
effect of marital status on pregnancy outcome, such as birth weight.   
 
2.3.1.3 Educational level  
 
Some studies have suggested that there is an important relationship between birth 
weight, prematurity and maternal educational level.21 Mothers with no education are 
1.4 times more likely to give birth to LBW babies than those with at least secondary 
education.17 In China, low maternal educational level is reported to increase the 
incidence of LBW by up to 38%.33 In contrast, the level of maternal educational 
attainment does not have a significant association with birth weight in Jamaica. This 
finding may be due to the fact that the majority of women in Jamaica have a primary 
education and having a higher education without a higher income has a limited 
protection on the likelihood of delivering a LBW baby.34 In the USA, above a certain 
level of maternal education, the likelihood of delivering a LBW baby decreases with 
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increasing maternal education levels.13 The paternal education level may also 
influence birth weight. There is a paucity of published South African studies that 
investigate the influence of maternal and paternal educational levels on and LBW.  
 
2.3.1.4 Employment and income status of parents  
 
Both maternal employment and unemployment can influence the likelihood that a 
mother will deliver a LBW baby. The mechanism through which unemployment 
predisposes babies to LBW is poverty. Poverty can cause maternal malnutrition, 
anaemia and infection before and during pregnancy. Employment in a strenuous job 
can also incline a baby to have LBW through preterm labour and antepartum 
haemorrhage. Night work during pregnancy may prolong pregnancy and reduce foetal 
growth.11 A local study conducted with a population with similar employment 
statuses showed that the higher the income, the less likely the chances were of 
delivering a LBW baby.18  
 
2.3.1.5 Race  
 
Evidence suggest that black women have a higher risk of delivering a LBW baby than 
their white counterparts.21 It is, however, difficult to find studies with a comparison 
across racial groups and with stratification by socioeconomic class. Investigators who 
focused on this area have concluded that genetic and environmental factors have a 
joint influence on low birth weight and it is difficult to isolate the effect of one from 
the other. In a study in Texas, USA, race was found to be a significant predictor of 
LBW. In that study, African-Americans were four times more likely to have a LBW 
baby compared to Euro-American mothers.35 A study in the Eastern Cape by Ilunza 
supported the postulation that race is a significant factor for low birth weight.14 
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2.3.1.6 Immigration Status  
 
Immigrant mothers seem to be at risk of adverse pregnancy outcomes, although there 
is a variation on the reported outcome from studies conducted in                                                                                                                                      
different high-income countries. The inconsistency in the results could be due to, 
different maternal countries of origin, the available social support in the host country 
and the outcome variables of interest. The perinatal health of immigrant mothers is 
sometimes found to be both better and worse than that of mothers who are citizens by 
birth.35 A number of studies in United State of America (USA) reported that 
immigrant mothers have better pregnancy outcomes compared to native mothers 
despite their socio-economic status. Other studies also stated that the strength and 
direction of the association between the immigration status of mothers and low birth 
weight depend on the birth place of the mother and her socio-economic status. A 
study conducted in Belgium reported that being an immigrant has a protective effect 
on the likelihood of delivering a LBW baby on women with low a socio-economic 
status than women with a higher socio-economic status.36 
 
2.3.1.7 Parity  
 
Generally, pregnancy outcomes in terms of LBW is believed to be more favourable 
for multiparous women than primiparous women, but grand multiparity is believed to 
constitute a risk to the baby.21 Investigating the effect of parity on low birth weight is 
however very difficult because of various confounding factors, such as the age of 
mother, the birth interval, and the mothers socio-economic status. In his review, 
Javier reported that most studies consider parity as a risk factor for low birth weight 
and that studies which failed to show a relationship between parity and LBW had 
small sample sizes.  
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2.3.1.8 Miscarriage  
 
Spontaneous miscarriage overlaps with preterm delivery. The distinction between a 
late second-trimester miscarriage and prematurity is progressively blurring because of 
the increasing viability of infants delivered before 28 weeks. The effects of a prior 
history of second-trimester miscarriage may be the same as that of a prior history of a 
premature delivery.26 Spontaneous miscarriages in previous pregnancies might affect 
a current pregnancy through a prior use of dilatation and curettage for the removal of 
retained products of conception. Cervical dilation could lead to cervical incompetence 
which predisposes a woman to preterm delivery in subsequent pregnancies. Cervical 
dilatation is usually more likely following a dilatation and curettage compared to a 
vacuum extraction. So, the number cervical dilation and curettages also play a role in 
the development of cervical incompetence. Prior history of a miscarriage does not 
affect intrauterine growth. Uterine surgical procedures may increase the chances of 
faulty implantation which may lead to subsequent placenta Previa and increase the 
risk of preterm births.29 
3.2 Behavioural risk factors 
2.3.2.1 Alcohol  
 
 After smoking, alcohol is the second most commonly investigated substance in 
relation to pregnancy outcome.Error! Bookmark not defined. Alcohol consumption by p
regnant mothers may lead to foetal alcohol spectrum disorders; foetal alcohol 
syndrome (FAS), foetal alcohol effects (FAE) and alcohol-related 
neurodevelopmental disorders. Maternal alcohol consumption during pregnancy may 
adversely affect intrauterine growth.26 The exact mechanism through which alcohol 
mediates its effect is not clear. Proposed theories include the permeability of foetal 
placental to ethanol leading to foetal exposure to the maternal level of alcohol and 
acetaldehyde. Acetaldehyde is a by-product of alcohol metabolism that is toxic to the 
foetus. Alcohol also predisposes to LBW through decreased incorporation of amino 
acids into protein and foetal hypoxia.  
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In South Africa, 11% of pregnant mothers consume alcohol at a level that are 
considered harmful to the foetus. This number varies from one socio-cultural group to 
another. Five to 10 percent of babies exposed to alcohol in utero will develop full-
blown foetal alcohol syndrome, FAS.13, 11 Development of FAS depends on the 
quantity of alcohol consumed by the mother and the gestational age of the foetus at 
the time of maternal alcohol consumption. Effects of alcohol consumption are worse 
when it is consumed in the first trimester. Ten percent of children of moderate alcohol 
drinkers will develop FAS. Most studies reported that maternal alcohol consumption 
during pregnancy has a detrimental effect on the intrauterine growth of the foetus. 
Kramer reported two studies that did not find any association between LBW and 
alcohol consumption. In one of these studies which failed to show an association, only 
2.8% of the participants consumed more than two drinks per day. This small number 
of mothers who consumed more than two drinks per day significantly reduced the 
power of the study. This does not mean that there is a totally safe threshold level of 
alcohol consumption in pregnancy.26 Alcohol intake is the second most significant 
risk factor for LBW in the Eastern Cape.14 Cape Town has the highest prevalence of 
FAS in the world, with 40-46% per 1000 children aged 5-9 years. 
 
2.3.2.2 Smoking (cigarette)  
 
A pregnant woman’s exposure to tobacco smoke could either be by maternal smoking 
or by exposure to smoke from other people, this is known as environmental tobacco 
smoke. Cigarette smoke of any kind can adversely affect the foetus.Error! Bookmark not d
efined. The effect of maternal cigarette smoke was investigated in this study and it was 
the focus of this sub-section of the literature review. Cigarettes are the most 
commonly used of all the drugs that can affect the foetus.12 Maternal smoking during 
pregnancy affects intrauterine foetal growth and duration of gestation, in a number of 
divergent ways.26  
 
Carbon monoxide produced from cigarette smoke interferes with oxygen delivery to 
the foetus by shifting the oxygen-haemoglobin dissociation curve to the left. This 
results in less oxygen delivery to foetal tissue at a given partial pressure of oxygen. 
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Also, nicotine, a constituent of cigarette smoke, is an appetite suppressant and it is 
believed to increase maternal catecholamine levels. This leads to vasoconstriction of 
uterine vessels and reduction in blood flow to the developing foetus.25 Tobacco smoke 
is also known to contain cyanide compounds which interfere with the foetal oxidative 
metabolism. Harmful substances may be found in the gametes of smokers even before 
conception. Smoking also predisposes the foetus to antepartum haemorrhage, 
especially placental abruption.11 Even though there are serious consequences because 
of smoking during pregnancy, 25% of pregnant women who smoke at conception 
continue to smoke during pregnancy. 
 
Most studies have demonstrated a temporal and a dose-response relationship between 
smoking during pregnancy and the delivery of a LBW baby.26 Two studies which 
failed to uphold this position had small sample sizes. The effect of smoking depends 
on the period of gestation that the mother smoked, worse effects were noted when 
maternal smoking occurred in the third trimester. A mean maternal weight loss of 0.5 
kg during pregnancy in women who smoke a pack of cigarettes a day has been 
reported. Maternal tobacco use during pregnancy results in a 70-250g reduction in 
birth weight. Passive smoking could reduce birth weight by 25g. Cessation of 
smoking before the third trimester leads to a reduction in the incidence of LBW. 
Local studies in the Eastern Cape and Cape Town both reported smoking as a 
significant risk factor for LBW.14 
 
2.3.3 Infective maternal risk factors 
2.3.3.1 Human immunodeficiency virus and other chronic infections  
 
 A substantial number of micro-organisms are able to cross the placenta and infect the 
developing foetus.21 Foetal infection with some organism at a critical moment of 
foetal development may result in IUGR. The earlier the infection occurs during 
pregnancy the more serious its effects are on the baby. Microbial agents associated 
with foetal growth abnormality include Rubella, Toxoplasmosis, and the Herpes 
Simplex virus. There is a paucity of local studies on maternal HIV positive status as a 
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risk factor for delivery of low birth weight babies.  A study in rural South Africa 
conducted before the advent of antiretroviral therapy in Government hospitals sought 
to investigate maternal HIV infection and its association with small for gestational 
age infants.37 Using a prospective cohort study design, the study concluded that 
maternal HIV infection increases the risk of SGA, but not preterm births. A study at 
Chris Hani Baragwanath Hospital in Johannesburg looked at the outcome of very low 
birth weight babies born to HIV positive mothers.38 This retrospective cross-sectional 
study concluded that the mortality rate for babies with a birth weight of less than 750g 
was 100%. The results revealed no major differences in the morbidity and mortality 
between HIV-exposed and HIV-unexposed newborns of a similar weight category. 
Given the country’s HIV prevalence, more local studies are needed to investigate the 
effect of maternal HIV-positive status on LBW. 
 
2.3.4 Non-infective maternal risk factors 
2.3.4.1 Malnutrition  
 
The nutritional status of both parents contributes to the birth weight of the baby. A 
mother’s nutritional status contributes more to the birth weight of their babies than the 
father’s nutritional status.14 This finding is supported by studies which showed a 
correlation in birth weights between half-siblings of the same mother but not of the 
same father. This is due to a greater contribution from maternal genetics and the 
environment than paternal contributions. Maternal caloric intake and fat stores are the 
main energy source for foetal energy requirements.  Foetal growth cannot occur 
without an adequate source of nitrogen and essential amino acids. It is therefore 
expected that maternal weight gain during pregnancy influences intrauterine foetal 
growth.  
 
The effect of malnutrition on the birth weight of babies depends on the gestational age 
when the macronutrient deficiency occurred.26 A decrease in birth weight was not 
observed in neonates of mothers who suffered malnutrition during the first or second 
trimester. A similar finding was observed during the Dutch famine, where a 50% 
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reduction in maternal energy intake in the first and/or in the second trimester was 
associated with an increase in placental weight but birth weight was unchanged. 
Maternal undernutrition in the third trimester affected both the placenta and the birth 
weight.  
 
The nutritional status of the mother before and during the pregnancy is critical in 
predicting the birth weight of the baby.39 The mechanism through which maternal 
under-nutrition affects foetal weight is by influencing the availability of substrates 
needed for foetal development. Foetal growth cannot occur without essential amino 
acids.20 According to the WHO, maternal under nutrition contributes more than 50% 
to LBW in developing countries.24  
 
In Cape Town, malnutrition has been shown to be a significant risk factor for LBW 
with a relative risk of 1.6.5 Maternal average weight gain per week during pregnancy, 
haemoglobin level during pregnancy or oral iron intake is often used as a measure of 
maternal nutritional level during pregnancy. Studies that had a bearing on the impact 
of iron intake or anaemia on intrauterine growth and duration of gestation were either 
methodologically weak or were not carried out in developing countries.  
 
2.3.4.2 Hypertension  
 
The incidence of hypertensive disorders of pregnancy varied widely across regions 
with an average incidence of 10%.11 Evidence shows that hypertensive disorders of 
pregnancy are associated with IUGR and LBW. This effect is mediated through a 
reduction in the uteroplacental circulation. Currently, it is also believed that there is a 
pathological increase in the thromboxane/prostacyclin index due to the deficient 
trophoblastic production of prostacyclin.12Through this mechanism, the production of 
prostacyclin is associated with asymmetric IUGR. In a study in the Eastern Cape, 
hypertensive disorders of pregnancy were ranked third among risk factors for LBW.11 
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Population-based studies from different countries have shown that chronic 
hypertension is one of the most common medical conditions in pregnancy.40 It is 
associated with increased risk of SGA. Small for gestational age baby is more 
common when there is supper-impose pre-eclampsia (48%) compared to 21% with 
chronic hypertension alone. 
 
2.3.4.3 Antenatal care  
 
Antenatal care attendance by pregnant women could have a positive impact on the 
duration of gestation and intrauterine growth through a number of mechanisms. This 
could be by early identification and treatment of pregnancy complications.26 It could 
also have an impact on the rate of LBW by modification, reduction or elimination of 
adverse maternal factors. The timing of the first ANC attendance also plays a major 
role because the effects of some pregnancy complications on birth weight could be 
mitigated if detected early. Observational studies reported a strong association 
between late booking (first ANC visit) and preterm births. In the USA, it was 
observed that giving African American Medicaid encourages mothers to seek early 
prenatal care, reduces the occurrence of LBW in those who received the Medicaid 
than in those who did not.41 Less than three antenatal visits are associated with 
preterm births and LBW.  
 
2.4 Risk factors for SGA at term  
 
Of the135 million babies born in low and middle-income countries in 2010, 22% were 
term-SGA, 8% were preterm-AGA, and 2% were preterm- SGA. The relative risk for 
neonatal mortality for term-SGA was 2.4, 8 for preterm-AGA, and 15 for preterm-
SGA.42  
 
Pathophysiology of SGA is multifactorial and its effect is mediated through a 
complex of interactions between socio-demographic, clinical and behavioural 
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factors.43 The socio-demographic factors include race, marital status, age and 
employment status. Obstetric factors include parity, history of previous preterm 
births, stillbirths or abortions, being a SGA mother and short or long interpregnancy 
intervals. Chronic medical conditions like arterial systemic hypertension, diabetes 
mellitus, abnormal placentation, chronic kidney disease, thyroid disorders, 
autoimmune disorders and urinary tract infections are also  known to be risk factors 
SGA. Maternal health habits during pregnancy like smoking, alcohol consumption 
and nutritional intake also influence the delivery of SGA babies at term. Maternal 
ANC attendance, weight gain during pregnancy and the use of assisted reproductive 
techniques are risk factors for SGA at term.  
 
Some of the factors listed above as risk factors for SGA at term are also factors for the 
other sub-sets of LBW categories. Late ANC attendance appears to be a more specific 
risk factor for SGA at term while socio-economic status appears specific for preterm-
AGA. Maternal age of less than 16 years is a risk for term-SGA and preterm-AGA. 
Short maternal stature and being the first born is a risk factor for term-SGA, preterm-
SGA and preterm-AGA.42 
 
2.5 Research question  
 
What are the maternal risk factors associated with the delivery of low birth weight 
babies among pregnant women who delivered live term babies at South Rand hospital 
between 1 January 2013 and 31 December 2014? 
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2.6 Study hypothesis 
2.6.1 Null hypothesis  
 
There is no difference in maternal risk factors under study between mothers who 
delivered live term LBW babies and those who delivered live term babies weighing 
2500 grams or more at birth at SRH. 
 
2.7 Aim of the study  
 
To compare maternal risk factors for low birth weight of babies among women who 
delivered live term LBW babies and those who delivered term babies weighing 2500 
grams or more at South Rand hospital. 
 
2.8 Objectives  
 
1. To describe the socio-demographic characteristics of mothers who delivered live, 
term babies at SRH between 1 January 2013 and 31 December 2014. 
2. To compare the frequencies of maternal risk factors for low birth weight among 
women who delivered, live, term, LBW babies at SRH, in the study period and those 
who delivered, term, live babies, weighing 2500 grammes or more at birth at SRH in 
the study period. 
3. To establish whether there is any association between the maternal risk factors 
under study and low birth weight.  
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 CHAPTER 3    
METHODOLOGY  
 
3.1 Study design  
This was a retrospective 1:1 matched case-control study.  
 
3.2 Study site  
 
This study site was South Rand Hospital, a level one district hospital located in sub-
district F of the Johannesburg metropolitan health district. It has a total of 314 beds, 
two delivery suites and twenty postnatal beds. It serves a catchment population of 
about 450,000.44 Majority of the users of this facility are people of low socioeconomic 
status and black race, the rest were from Indian, Coloured, and White racial groups. 
There is also a number of immigrants using this facility. This catchment population 
may compare to some of the referenced populations in the literature review. 
 
 The study was conducted at the postnatal ward (ward 2) of South Rand Hospital. This 
ward is located on the ground floor, in the west wing of the hospital. According to 
information contained in the birth register, SRH’s average annual delivery is 3000. It 
is the referral hospital for all the surrounding clinics. SRH currently refers patients to 
Charlotte Maxeke Johannesburg Academic Hospital, a level three hospital. Obstetric 
referrals to Charlotte Maxeke Johannesburg Academic Hospital are due to number of 
reasons, such as, anticipated preterm births with immature foetal lungs, pre-
eclampsia, eclampsia, or where there is a need for intensive neonatal care. When this 
study was conducted, the obstetric department was managed by an obstetrician, 
family physicians, family medicine registrars and medical officers. 
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Figure 1.1 Map showing the sub-districts of Johannesburg metropolitan health 
district. 
 
 
 
Key: 1 and 2 = sub district A; 3 and 4 = sub district B; 5 = sub district C; 6 and 10 =  
 
Sub district D; 7 = sub district E; 8 and 9 = sub district F; 11 = sub district G 
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3.3 Study population 
The study population included all mothers together with their new-born babies 
delivered at term at SRH between 1 January 2013 and 31 December 2014. 
 
3.4 Study sample  
The minimum sample size (n) required was determined by the formula.45 
n= [(2pq) (Zα+Zβ)]/ (p1-p2)2  
 Where Zα is the normal deviate corresponding to the level of the significance, here 
1.96 (95% confidence).  
Zβ is the normal deviate corresponding to two tailed probability, 1.65(80% power). 
Odds ratio, OR equals 2.   
P1 = proportion of exposure in cases.  
P2 = proportion of exposure in control.     
q1 = 1-P1 and q2 = 1-P2.   
 P1 = OR (P2) / P2 (OR-1) +1= 45.1%.          
There were various exposures of interest with the prevalence of exposures ranging 
from 0.1% (multiple pregnancies) to 29.1% (HIV).46 HIV had the highest risk 
prevalence; it was therefore used in the calculation of sample size to generate an 
adequate sample size.  
 Zα = 1.96        Zβ = 1.65           P1 = 45.1           
  P2 = 29.1      q1 = 54.9   q2 = 70.9   
  Hence, n = [(2pq) (Zα+Zβ)] / (p1-p2)2. 
     =184 cases and 184 controls.  
However, efforts were made to enrol all eligible mother-baby pairs encountered 
during the study period. A total of 480 participants were enrolled for the study to 
increase the power of the study and to mitigate against the effects of files with 
incomplete data.  
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3.5 Inclusion criteria 
1.  All mothers who delivered a singleton live term baby, weighing less than 2500 
grams at birth at SRH between 1 January 2013 and 31 December 2014 (case). 
2.  All mothers who delivered a singleton live term baby, weighing 2500 grams or 
more at birth at SRH between 1 January 2013 and 31 December 2014 (control). 
3.  All mothers whose duration of amenorrhoea was at least 37 completed weeks 
as calculated by the mother’s sure last normal menstrual period (LNMP),  earliest 
documented ultrasound report, symphysis-fundal height measurements or gestational 
age estimation by a paediatric doctor at birth.   
4. All mothers who delivered by vaginal delivery assisted delivery or caesarian 
section.  
 
3.6 Exclusion criteria  
 
1 All mothers of babies with suspected or documented single gene defects, 
chromosomal abnormalities, dysmorphic features or congenital abnormality. 
2 All mothers who delivered their babies before they at arrived at SRH.  
 
3.7 Selection of study participants 
3.7.1 Identification of cases  
  
All deliveries that took place at SRH are recorded in the SRH birth register, this 
register is kept in the maternity ward of SRH. This register records the following 
information about mothers; names, age, hospital number and address. It also contains 
names of referring clinics, date of delivery, modes of deliveries, babies’ weights, 
gestational age (term or preterm) and the sex of the babies. Cases were identified from 
this delivery register. 
 
 23 
 
3.7.2 Selection of cases  
 
The selection process was done month to month starting from 1 January 2013 and 
ending on 31 December 2014. The researcher searched the birth register looking for 
mothers who delivered a live term singleton LBW baby (pregnancy duration of at 
least 37 completed weeks with a birth weight of less than 2.5 kg). When such a 
mother was found on the birth register, a decision was made based on the inclusion 
criteria as to whether the mother-baby pair was eligible for inclusion in the study.  
 
If the mother-baby pair was eligible for inclusion in the study, the hospital registration 
number, the age of mother and the sex of the baby were then obtained from the birth 
register. This information was then entered into the case/control registration form 
(Appendix 6 page number 68). All eligible cases identified were recorded on the 
case/control registration form and an individualised matching control(s) was looked 
for.  
 
3.7.3 Matching of participants  
 
Individualised one to one matching was done using the age of mothers and the sex of 
babies as matching variables. The matching of the age of mothers was done using an 
age class interval of five (16-20, 21-25, 26- 30 etc.). This age class interval of five is 
believed to be narrow enough for mothers within the same age class interval to have 
similar characteristics.45 
 
3.7.4 Identification and selection of control  
 
The researcher perused through the birth register for a mother who delivered a live 
term NBW baby (birth weight of 2.5 kilogrammes or more) on the same day as the 
birth of the case baby (i.e. both control and case mother delivered on the same day). 
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The researcher looked for a control (mother and her new-born baby) who met the 
matching criteria.  
 
When such a mother-baby pair (control) was found on the birth register, the 
researcher checked whether the control met the inclusion criteria for the study. If the 
inclusion criteria were met, he recorded her details against the corresponding case 
recorded in the case/control registration form. When more than one matching control 
were identified on the same day for a particular case, the researcher chose the mother 
whose age is closest to the age of the case mother. Where the age of the probable 
control mothers are similarly close to the age of the case mother, the researcher 
assigned different numbers to the respective probable controls. Each number was then 
written in a small piece of paper, folded and placed in a small container. They were 
mixed together in this container and the researcher blindly picked one of the pieces of 
folded papers. This was to give each mother an equal chance of being picked. The 
mother-baby pair represented by the chosen number was then chosen as the matching 
control mother.  
 
The process of case identification, case selection and matching with control described 
above was done for all days of the study period, 1 January 2013 to 31 December 
2014.  Attempts were made to match all cases on a particular day by looking for 
controls delivered on the same day because of possible seasonal variations in birth 
weight.47 When a case and its matching control could not be selected on the same day, 
the following day(s) were checked for matching controls. Cases that could not be 
matched after going through the whole study period were excluded from the study.  
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Figure 4.0 Flow chart showing the case selection process.  
Total births 
6039 
LBW 415 
LBW 377 
LBW eligible for 
inclusion n=240  
           NBW 5624 
Still births 38 
Twin pregnancies 9 
                
Excluded for other reasons 
128 
 
 LBW 368 
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3.7.5 File retrieval  
 
Files of mothers who delivered at SRH are kept at SRH except for those mothers who 
were transferred from SRH to other hospitals. The file numbers of the study 
participants (cases and their matched controls) were given to the clerical officer to 
retrieve the mothers’ hospital record files. Once the files were collected from the 
clerk, the researcher re-checked the files for their eligibility for inclusion in the study. 
When either a case or a control file could not be found, attempts were made to re-
match the available file using the same matching procedure described above. 
Available files that could not be re-matched were excluded from the study. 
 
3.8 Data collection  
 
The researcher extracted information from files retrieved from the records 
department. Socio-demographic and clinical characteristics of mother-baby pairs were 
recorded on the information extraction form (Appendix 3 page 59-62). The same 
study number was assigned to a pair of data extraction forms used to extract 
information from a particular case and its individually matched control. Each study 
number is linked to two hospital numbers; one for the case and the other for its 
matched control. 
 
3.9 Measuring tool  
 
The researcher developed a three-page information extraction form by considering the 
reported maternal risk factors for low birth weight in literature, the information 
available on the Gauteng provincial health antenatal card (Appendix 4 page number 
63-64) and the maternal case record, MCR (Appendix 5 page number 65-67). This 
information extraction form had the following sections. 
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1. Demographic characteristics of the baby (question number 1 page 59); sex and 
weight of the baby. Recorded in grams to the nearest whole number.  
2. Socio-demographic risk factors of mothers (question number 2 page 59); age, 
marital status, gravidity, parity, race, immigration status and employment status. 
3. Maternal clinical risk factors (question number 3 pages 60-61); hypertensive 
disorders, HIV status, HIV positive on treatment, HIV positive on PMTCT, TB on 
treatment, TB completed treatment, ANC attendance, timing of ANC booking, 
number of ANC visits, haemoglobin level at first ANC visit, most recent haemoglobin 
level in third trimester and average weight gain per week after first trimester. Weight 
gain was recorded in kilogrammes to one decimal place. 
4. Maternal behavioural risk factors (question number 4 page 61); smoking and 
alcohol consumption. 
 
3.10 Data analysis 
 
Information was transferred from the information extraction form onto a Microsoft 
excel spreadsheet. Data was exported into STATA 12 statistical software for data 
cleaning, coding and re-coding for statistical purposes. Data was analysed using 
STATA 12 statistical software with the help of statisticians. Descriptive analyses of 
categorical exposure variables were carried out and results presented as frequencies 
and percentages. The result of numerical variables were presented as means and 
standard deviations.  
 
Inferential statistics executed included McNemar Chi-square test for binary 
categorical variables, paired t-test for continuous variable and logistic regressions 
analysis. The results of bivariate conditional logistic regression analysis were 
presented as an unadjusted odds ratio.  Multivariate conditional logistic regression 
analysis (MLR) was carried out by the step-wise method. No imputation was done for 
missing values. Missing values were dealt with by the default way that STATA 
normally deals with missing values in logistic regression. The unknown category 
were already factored-in during the data analysis. Only variables with P values of less 
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than 0.1 in the bivariate conditional logistic regression analysis were included in the 
multivariate conditional logistic regression model.  The results of multivariate 
conditional logistic regression were presented as an adjusted odds ratio. A P value 
<0.05 was considered significant. 
 
For the purpose of analysis, some numerical variables; parity, the timing of ANC 
booking, average maternal weight gain per week after the first trimester of pregnancy 
and number of ANC attendance were transformed and re-coded as categorical 
variables. Haemoglobin level at first ANC visit and most recent haemoglobin level in 
the third trimester were re-coded into an ordinal variable; no anaemia, mild anaemia, 
moderate anaemia and severe anaemia.  
 
3.11 Pilot  
 
A pilot study was done after ethical approval was granted. Pilot study was conducted 
at SRH to check the adequacy of the case/control registration form and the data 
extraction form. This pilot study used ten matched participants who delivered at SRH 
in 2015. The case and control selection process, data collection and data analysis 
techniques of the original study were used on the pilot participants. This pilot study 
proved that a case-control study could be done without any deficit in the methodology 
and the data collection tool. The pilot files were not included in the analysis of the 
main study.  
 
3.12 Ethical considerations  
 
Ethical clearance for this study was granted by Human Research Ethics Committee of 
the University of the Witwatersrand, HREC (Appendix 1 page 57). Written 
permission to conduct the study was also granted by the Chief Executive Officer 
(CEO) of SRH (Appendix 2 page 58). Confidentiality of patients’ information was 
ensured by not having patients’ hospital numbers or their names on the information 
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extraction forms but the study numbers. This was a record review, a signed consent 
form from the participants of the study was not needed. By coming to use the health 
facilities, patients gave consent for their medical records to be used in research.   
 
3.13 Funding  
 
This study was fully funded by the researcher.
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CHAPTER 4 
RESULTS 
4.1 Study population  
4.1.1 Sample selection 
 
A total of 6039 babies were delivered during the study period, 415 LBW babies, 5624 
NBW, 64 stillbirths (38 LBW stillbirths, 26 NBW stillbirths) and 9 twin pregnancies. 
This equates to a proportion of LBW (term SGA) of 6.9% over the study period. After 
applying inclusion and exclusion criteria, 240 cases were matched with 240 controls. 
Figure 4.0 gives the flow chart of the case selection process.  
 
4.2 Characteristics of the study participants 
4.2.1 Distribution of study participants by matching variables 
 
There were 480 study participants, 240 in each group, case and control (Table 4.1). 
The age ranges were 16 to 43 and 16 to 44 years among control and case groups 
respectively. Fifty-three percent of the participants were in the age group 21-30 years. 
There were 49% new-born female babies and 51% new-born male babies. 
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Table 4.1.     Distribution of cases and controls as per matched variables 
 
VARIABLES Birth weight <2500g (n=240) Birth weight  2500g (n=240) 
N % Mean ± SD N % Mean ± SD 
AGE OFMOTHERS 
(YEARS) 
  27.8± 6.2   27.6 ± 5.9 
16-20 34 14.2  34 14.2  
21-25 61 25.4  61 25.4  
26-30 67 27.9  67 27.9  
31-35 49 20.4  49 20.4  
36-40 24 10.0  24 10.0  
41-45 5 2.1  5 2.1  
Total 240 100  240 100  
SEX OF BABY N %   N %  
Female 117 48.8  117 48.8  
Male 123 51.3  123 51.3  
Total 240 100  240 100  
 
4.2.2.  Maternal socio-demographic and behavioural characteristics  
 
Most of the participants were black single unemployed mothers (Table 4.2). The    
percentage of LBW among single and married mothers was (181/334; 54%) vs 
(53/140; 37%)} respectively. About 36% (177/480) of study participants were 
immigrant mothers and they gave birth to 28% (67/240) of babies with LBW. The 
percentage of LBW baby among nulliparous and multiparous women were {(87/161; 
54%) and (153/319; 48%)} respectively. 
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The rate of smoking was 19% and 4% among cases and control groups respectively.  
Similarly, the alcohol consumption rate was 10% and 2% amongst case and control 
groups respectively. 
Table 4.2 Socio-demographic and behavioural characteristics of mothers 
VARIABLE NAMES Birth weight  <2500g (case, 
n=240) 
Birth weight  2500g (control, 
n=240) 
N % Mean ± SD N % Mean  ±  SD 
RACE 
Black 208 86.7  215 89.7  
Coloured 19 7.9  11 4.6  
White 13 5.4  10 4.2  
Indian 0 0  2 0.8  
Chinese 0 0  2 0.8  
MARITAL STATUS 
Single 181 75.4  153 63.8  
Married 53 22.1  87 36.3  
Divorced 3 1.3  0 0  
EMPLOYMENT STATUS 
Unemployed 164 68.3  157 65.4  
Employed 65 27.1  76 31.7  
Student  8 3.3  5 2.1  
IMMIGRATION STATUS 
Citizen  159 66.3  123 51.3  
Immigrant 67 27.9  110 45.8  
PARITY  
Nulliparous  87 36.3  74 30.9  
1-3 146 60.8  161 67.1  
4 7 2.9  5 2.1  
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Table   4.2 contd. Socio-demographic and behavioural characteristics of mothers 
 Birth weight  <2500g (case, 
n=240) 
Birth weight  2500g (control, 
n=240) 
N % Mean ± SD N % Mean ± SD 
SMOKING (cigarette) 
Does not smoke 169 70.4  220 91.7  
Smokes 46 19.2  10 4.2  
ALCOHOL 
Does not drink alcohol 190 79.2  225 93.8  
Drinks alcohol 24 10.0  5 2.1  
 
4.2.3      Distribution of maternal clinical factors between groups 
 
In both groups, most (64%) of the ANC bookings occurred in the second trimester of 
pregnancy (Table 4.3). Most of the mothers attended ANC clinic three to four times 
and only a small proportion attended more than six times. In each category of number 
of ANC clinic attendance, there were more control than cases that attended ANC 
except for the 1-2 number of ANC clinic attendances. Among mothers who were 
anaemic at booking, delivery of LBW baby was equally common among cases and 
control groups (26%). Among mothers who were not anaemic at booking, LBW 
delivery was less common compared to NBW baby.  
 
Most recent haemoglobin level; there were 83 and 54 anaemic mothers amongst cases 
and control groups respectively. Mothers with a hypertensive disorder during 
pregnancy gave birth to four times more LBW babies than NBW babies. HIV status 
had a similar distribution between case and control groups. Almost half of the 
participants (227/480; 47%) had inadequate average maternal weight gain per week 
after the first trimester. History of a prior miscarriage was one and a half times more 
common in the case group compared to the control group { ( 37/240; 15% ) vs 
(24/240; 10%)}. 
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Table 4.3 Distribution of maternal clinical factors 
VARIABLES  Birth weight  <2500g (case, 
n=240) 
Birth weight  2500g (control, 
n=240) 
N % Mean ± SD N % Mean ± SD 
TIMING OF ANC BOOKING   20.8 ±9.7   23.4 ±5.6 
Unbooked 31 12.9  2 0.8  
1st trimester 11 4.6  4 1.7  
2nd trimester 136 56.7  172 71.7  
3rd trimester 62 25.8  62 25.8  
NUMBER OF ANC VISITS   2.6±0.1   3.5±0.1  
Unbooked 31 13.0  2 0.8  
1-2 87 36.3  59 24.6  
3-4 97 40.4  125 52.1  
5-6 22 9.2  42 17.5  
>6 3 1.3  12 5.0  
HAEMOGLOBIN LEVEL AT FIRST 
ANC VISIT(g/dl) 
  11.9 ±2.0   12.1 ±1.6 
No anaemia (11 or more) 145 60.4  176 73.3  
Mild anaemia (10 - < 11) 39 16.3  35 14.6  
Moderate anaemia (7- < 10) 20 8.3  26 10.8  
Severe anaemia (< 7) 3 1.3  1 0.4  
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Table 4.3 contd. Distribution of maternal clinical factors 
VARIABLES Birth weight  <2500g (case, 
n=240) 
Birth weight  2500g (control, 
n=240) 
N % Mean ± SD N % Mean ± SD 
MOST RECENT HAEMOGLOBIN 
LEVEL IN THIRD TRIMESTER g/dl) 
  11.7±1.7   12.1±1.5 
No anaemia (11 or more) 157 65.4  186 77.5  
Mild anaemia (10 - < 11) 57 23.8  34 14.2  
Moderate anaemia      (7- < 10) 24 10.0  20 8.3  
Severe anaemia (< 7) 2 0.8  0 0  
HYPERTENSIVE DISORDERS OF PREGNANCY 
No hypertension in pregnancy 209 87.1  234 97.5  
Hypertension in pregnancy 20 8.3  5 2.1  
HIV STATUS 
HIV negative  181 75.4  189 78.8  
HIV positive on treatment   
HIV positive on HAART 53 22.1  49 20.4  
HIV positive on PMTCT 1 0.4  2 0.8  
AVERAGE MATERNAL WEIGHT GAIN PER WEEK 
AFTER 1ST TRIMESTER (kg/week) 
0.4±0.2  0.5±0.3 
Adequate weight gain (0.5) 21 8.8  52 21.7  
Poor weight gain (<0.5) 111 46.3  116 48.3  
MISCARRIAGE  
Had miscarriage 37 15.4  24 10.0  
No miscarriage 203 84.6  216 90.0  
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4.3 Inferential statistics 
 
4.3.1 Comparison of maternal risk factors between cases and control 
 
There was no significant difference between maternal age, parity and haemoglobin 
level at fist ANC clinic visit between case and control groups (Table 4.4).  The most 
recent maternal haemoglobin level in the third trimester, average maternal weight 
gain per week after the first trimester, the number of ANC clinic visits and weight of 
babies were significantly different between the two groups. The most recent maternal 
haemoglobin level in the third trimester was lower than the maternal haemoglobin 
level at first ANC clinic visit in the case group (p= 0.016). In the control group, there 
was no significant difference (p= 0.993) between the two maternal haemoglobin 
measurements (Table 4.5). All categorical exposure variables were shown to be 
associated with LBW except for employment status and parity (Table 4.6). 
 
Table 4.4.  Paired t-test for numerical variables 
Variables Birth weight  <2500g (case, 
n=240) 
Birth weight 2500g (control, 
n=240) 
P value 
N Mean ± SD N Mean ± SD 
Parity 240 1.1±1.1 240 1.1±1.0 0.583 
Maternal haemoglobin level at first 
ANC visit (g/dl) 
207 11.9±2.0 207 12.1±1.9 0.327 
Most recent maternal haemoglobin 
level in third trimester (g/dl) 
240 11.7±1.7 240 12.1±1.5 0.001 
Average maternal weight gain per 
week after 1st trimester (kg/week) 
132 0.4±0.2 132 0.5±0.3 0.005 
Number of ANC visits  240 2.6±0.1 240 3.5±0.1 <0.001 
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Table 4.5.  The difference between first and third trimester haemoglobin levels in 
cases and in controls. 
Variables  Mean difference in maternal 
haemoglobin levels      
 {(Hb level at first ANC visit – Hb 
level in the third trimester) g/dl} 
Confidence interval 
( 95% CI) 
P value 
Haemoglobin 
(LBW) 
0.306 0.057- 0.556 0.016 
Haemoglobin 
(NBW) 
0.001 -0.264- 0.261 0.993 
 
Table 4.6.  McNemar Chi-square test for binary categorical variables and LBW 
Variables   Chi-square  P value 
Race  135.58 <0.001 
Immigration 8.93 0.002 
Smoking 141.23 <0.001 
Alcohol 175.51 <0.001 
HIV status 72.84 <0.001 
Hypertensive disorders 194.70 <0.001 
Miscarriage 126.64 <0.001 
ANC attendance 159.29 <0.001 
Marital status 13.57 0.001 
Employment status 1.70 0.427 
Parity  2.12 0.347 
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4.3.1. Regression analysis  
In the bivariate logistic regression, the following maternal factors decreased the odds 
of delivering a LBW baby; being married, immigrants, having attended ANC clinic, 
and having a maternal haemoglobin level in the third trimester of 11g/dl or more. On 
the other hand, smoking, alcohol consumption, having hypertensive disorder during 
pregnancy and average maternal weight gain of less than 0.5kg/week all increased the 
odds of delivering a LBW baby (Table 4.7).  
 
In the multivariate conditional logistic regression, having a recent maternal 
haemoglobin level in the third trimester of 11g/dl or more, having attended ANC 
clinic, having more than four ANC clinic visits and being an immigrant, all decreased 
the odds of delivering a LBW baby, while smoking increased the odds of delivering a 
LBW baby (Table 4.8). 
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Table 4.7 Bivariate conditional logistic regression analysis 
 Risk factors Number of 
observations 
Unadjusted 
odds ratio 
95% Confidence 
interval 
P value 
Parity  480    
Nulliparous (referent)  1.00   
1-3   0.72 0.46-1.12 0.145 
 4 or more  1.04 0.31-3.50 0.954 
Black race (Referent: race other than 
black) 
480 0.77 
0.45-1.32 0.347 
Married (referent: single) 474 0.60 0.41- 0.88 0.009 
Employment status 475    
Unemployed    (referent)  1.00   
Employed  0.81 0.53-1.22 0.309 
 Student  1.97 0.59-6.53 0.270 
Immigration status  438    
Non-immigrant (referent)  1.00   
 Immigrant   0.44 0.30-0.68 <0.001 
Smoking during pregnancy 410 6.50 2.75- 15.35 <0.001 
Alcohol consumption during  
pregnancy 
408 5.25 
1.80- 15.29 0.002 
Miscarriage (referent: had no 
miscarriage) 
480 1.62 
0.94-2.79 0.083 
HIV positive (referent: HIV negative) 470 1.09 0.68- 1.74 0.718 
ANC attendance (referent: unbooked) 480 0.06 0.02- 0.27 <0.001 
Timing of ANC booking  480    
 Unbooked (referent) - 1.00 - - 
1st trimester  0.18 0.03-1.12 0.066 
2nd trimester  0.06 0.02-.027 <0.001 
 3rd trimester  0.07 0.02-0.32 <0.001 
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Table 4.7 Contd.  Bivariate conditional logistic regression analysis 
Risk factor Number of 
observation 
Unadjusted 
odds ratio 
95% confidence 
interval 
P value  
Number of ANC visits 480    
Unbooked (referent)   1.00   
1-2  0.11 0.03-0.49 0.004 
 3-4  0.07 0.02-0.29 <0.001 
 5-6  0.05 0.01- 0.22 <0.001 
More than 6   0.02 <0.01-0.15 <0.001 
Haemoglobin level at first ANC visit 
(g/dl) 
410  
  
        Hb <11 (referent)  - 1.00   
        Hb   11           0.77 0.49-1.18 0.229 
Most recent haemoglobin level in third 
trimester (g/dl) 
480  
  
           Hb <11 (referent)   - 1.00   
           Hb  11    0.55 0.36-0.83 0.004 
Hypertensive disorders (referent: no 
hypertensive disorders ) 
456 4.75 
1.62- 13.96 0.005 
Average maternal weight gain per 
week after 1st trimester (referent: 
weight    0.5kg) 
182 3.00 
1.28-7.05 0.012 
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Table 4.8.  Multivariate conditional logistic regression analysis 
Variables Adjusted Odds 
Ratio 
95% Confidence 
interval  
P value 
Most recent haemoglobin  
level in third trimester (g/dl) 
Hb <11.0 (referent) -   
Hb 11.0 or more 0.540 0.293- 0.996 0.048 
Timing of ANC booking  
1st trimester (referent) - -  
Unbooked  0.189 0.015-2.274          0.190 
2nd trimester 0.114 0.023-0.565 0.008 
3rd trimester 0.073 0.012-0.411 0.003 
Number of ANC visits  
1-2  (referent) - -  
Unbooked (omitted)    
3 -4  0.593 0.278-1.264 0.176 
More than 4 0.359 0.170-0.755 0.007 
Immigrant 0.457 0.247-0.848 0.013 
Smokes during pregnancy 8.686 2.660-28.351 <0.001 
Hypertensive disorder in pregnancy 
present. 
2.886 
0.751-11.090 0.123 
Consumed alcohol during pregnancy 2.406 0.659-8.783 0.184 
Married 0.712 0.413-1.228 0.222 
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CHAPTER 5 
DISCUSSION  
 
In this chapter, the results of this study are compared with those of similar studies in 
the context of the objectives of this study. This chapter was discussed with the 
followings as subheadings: methodology, the incidence of LBW, association between 
independent variables and LBW and regression analysis.  
 
5.1 Methodology  
 
An ideal study design to answer this research question would be a prospective cohort 
study, but it would require an enormous amount of time to follow up the participants. 
Due to time and other resource constraints, the researcher could not embark on a 
prospective cohort study. The retrospective nature of this study meant that results of 
this study depend on the quality of the data recorded in the files and how accurate the 
recorded values represent the true situations.  
 
5.2 Incidence of LBW 
 
The proportion of LBW (term SGA) in this study was 6.9%, it is lower than the rates 
reported for SGA at term in Brazil and Tanzania which were 13.1% and 15.8% 
respectively.42 This relatively small proportion of term SGA reported in this study is 
similar to the reported prevalence in high-income countries. The results of this study 
should be carefully interpreted. This study was conducted at a level one hospital, 
where high-risk patients are expected to be identified during antenatal clinic visits and 
promptly referred to a higher level of care for delivery. This is recommended practice 
according the Basic Antenatal Care Guideline (BANC) and if followed strictly should 
keep the number of LBW deliveries low at centres like SRH but higher at tertiary 
centres. Higher levels of care tend to have a higher LBW incidence than national 
averages.1  
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5.3 Association between variables and Regression analysis 
5.3.1 Socio-demographic and behavioural risk factors 
5.3.1.1 Age of mothers 
 
The overall age range of the mothers was 16- 43 years and the maternal modal age 
group was 26-30 years. Pedro reported 10-19years and >40 years as lowest and 
highest age class intervals respectively in a study in Brazil.48 The modal age group in 
most studies depends on the age class interval used, but they generally tend to fall 
below the third-decade of life.49  
 
Matched case-control studies by design should have a similar mean maternal age 
between case and control groups as was seen in this study. However, the mean 
maternal age in an unmatched case-control study may also be similar between case 
and control groups as reported in a study in Nepal.50 This observation suggests that 
the distribution of maternal ages was uniform in that study. Teenage mothers 
constituted 14% of the total number of mothers in this study, this is lower than 19% 
reported in the Nepal study cited above. The age of mother was not investigated as a 
risk factor for LBW in this study because it was a matching variable. In studies where 
the age of mother was investigated as a risk factor for low birth weight, the results 
vary remarkably depending on the referent age class interval.51 The other matching 
variable in this study, sex of babies, was not investigated for the same reason.  
 
5.3.1.2 Race  
 
The majority of the study participants were black mothers (88%) and the other races 
constituted about 11% of study participants. This is an expected finding given the 
predominance of black race in the study community. Studies of this nature tend to 
reflect the socio-economic and racial distribution of their study populations.45 This 
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finding could also be due to a racial selection bias common with studies conducted in 
most public hospitals in South Africa. 
 
Race in this study, was associated with LBW, p <0.001. However, in the bivariate 
logistic regression, with race other than black as the referent group, race was not a 
significant risk factor for low birth weight, OR=0.77, P=0.347. A similar finding was 
reported in a study in Brazil by Zambonato,24 using the white race as the referent 
group. The findings of this study are contrary to the finding by Tierney-Gumer in the 
USA. He found that African-Americans were seven times more likely to give birth to 
LBW babies compared to European-Americans or Hispanics.35 Thompson also 
reported that blacks and race other than white are twice and 1.3 times more likely to 
give birth to LBW babies compared to whites. 18 Several studies reported that 
African-Americans, Indians and Asians have higher odds of LBW compared to 
whites. 
 
The inability to show race as a risk factor for LBW in this study may be due to a 
relatively small representation of races other than black, thus reducing the power of 
the study in this regard. It is difficult to investigate the effect of race on LBW because 
of the differences in other confounding factors such as, socio-economic status and 
nutrition.40   
 
5.3.2.3 Marital status 
 
In this study, the majority of the mothers were single mothers (69.6%). This finding 
contrasts the findings of similar studies done at Bale hospital in South-East Ethiopia 
and Maharashtra with 92% and more than 50% respectively of study participants 
being married mothers.45, 52 The finding of a high percentage of single mothers in the 
current study could be a reflection of the social circumstances in the study population 
and possibly the country as a whole.53 Marital status was positively associated with 
LBW, p= 0.001. 
 
 45 
 
Being married was a significant risk factor for LBW in the bivariate analysis 
(OR=0.6, p= 0.009) but not in the multivariate regression analysis. This finding was 
supported by Thompson who reported that being single is a risk factor for LBW.18 
Contrary to the above findings, Habtamu reported that marital status was not 
significantly associated with LBW, OR=1.8, P= 0.131.52 The reported observation in 
the Ethiopian study by Habtamu, could be due to the fact that 89.9 % of cases and 
94% of controls were married. This low proportion of mothers in the other marital 
status categories could reduce the power of the study to detect a difference in this 
respect. Generally data on marital status and LBW is conflicting. It is reported that 
single and cohabiting women have increased odds of term low birth weight even after 
confounders were adjusted for.  
 
5.3.2.3 Employment  
 
The proportion of unemployed mothers in this study was (67%) this was significantly 
higher than the maternal unemployment rate of 47% reported in a similar study by 
Batist in Cape Town in 2003.5 This higher unemployment rate in this study probably 
reflects the prevailing economic climate in South Africa at the time of this study. It 
could also be due to the fact that SRH is located in an area with a lot of immigrant 
mothers, the majorities of whom may not be employed. Similar observations of high 
unemployment rates were noted in studies in Karachi,4 Northwest Ethiopia1 and the 
Bale studies.52 Employment status was not associated with LBW, P=0.427. 
In this study, being employed or being a student was not a significant risk factor for 
LBW, P> 0.05. Unlike the findings of this study, Anaelina found that being a 
housewife was a risk factor for low birth weight compared to other occupations.16 
Habtamu also reported that farmers, merchants or daily labourers were less likely to 
deliver a LBW baby while being a housewife increased the risk of delivering LBW.52 
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5.3.2.4 Immigration 
 
South Africans nationals were the majority of the study participants (59%), this was 
expected because the study was conducted in South Africa. Similar observations were 
noted in different studies conducted in various part of the world.36 Immigration status 
was associated with LBW p=0.002.  
 
In this study, immigrant mothers were less likely to deliver LBW babies (OR= 0.44, p 
<0.001) compared to non- immigrant mothers. This result is corroborated by a USA 
study which reported that foreigners were less likely to deliver LBW babies.18 A 
Belgian study also reported that all nationalities other than Belgians were less likely 
deliver LBW baby compared to Belgians, except sub-Sahara Africa. Sub-Sahara 
African mothers had a higher risk of delivering LBW baby than Belgians, but after 
adjusting for employment status, the likelihood of delivering LBW was similar 
between sub-Saharan African and Belgians mothers.18 South Rand hospital catchment 
areas have a sizeable number of immigrants from the Democratic Republic of Congo, 
Nigeria, and Ethiopia, these immigrants may have socio-economics condition that 
may be more favourable than the average South African user of the hospital.  
 
5.3.2.5 Parity  
 
About one-third of the study participants were nulliparous, 36% and 31% of these 
mothers were in the case and control group respectively. A similar result was reported 
by Pedro in Brazil,48 where 35% and 31% of nulliparous mothers were among case 
and control groups respectively. Habtamu also reported that about one-third of the 
participants were nulliparous of which 43% and 28% were in case and control groups 
respectively.52 The average parity in this study was one and there was no significant 
difference between the average parities of the two groups, paired t-test, p=0.583. 
Parity was not associated with LBW, McNemar Chi-square test, p=0.347. 
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Using nulliparous women as the referent class, multi-parity was not a risk factor 
LBW, p >0.05. In the literature, there have been wide variations in the conclusions 
reached on the influence of parity on LBW. Some studies supported the findings of 
this study, Sachin54 and Bolajoko.30 Studies with contrary findings include a report by 
Berihum in Ethiopia, Pedro in Brazil and Miguel in Spain.55 This variation in findings 
from different studies was probably due to the fact it was difficult to control for parity 
and the fact that parity relates to other maternal factors, such as age and socio-
economic status. 
 
5.3.2.6 Smoking (cigarette) 
 
In this study, 19% of case mothers and 4% of the control mothers smoked. The 
reported percentages of maternal smoking during pregnancy varied widely from one 
part of the world to another. It could be as high as 62% and 34% among cases and 
control groups respectively (as reported in a Cape Town study),5 or as low as 15% 
and 12% of cases and control respectively, in a study in Nepal.50  In some studies, the 
percentage of mothers who smoked during pregnancy is several times higher (about 
two to ten times) among case mothers than control mothers.54  A study conducted at 
the University of Granada hospital showed an almost equal percentage of mothers 
who smokes cigarette during pregnancy between case and control mothers.55 This 
observation of similar exposure percentage between the two groups in the Spanish 
study may be due to a higher prevalence of smoking in high-income nations. Smoking 
is positively associated with term LBW, P <0.001. 
 
In this study, mothers who smoke during pregnancy were six and a half times more 
likely to deliver a LBW neonate compared to non-smokers, (OR=6.5, p<0.001). This 
finding is supported by studies in Brazil.48 In one of the studies, it was reported that 
smoking beyond fourth months of pregnancy, irrespective of the number of cigarettes 
smoked per day increases the likelihood of delivering a LBW baby compared to 
mothers who never smoked (OR=1.53, CI= 1.38-1.68). Smoking up to the fourth 
month is not significantly associated with LBW (OR=0.98.CI= 0.64-1.48).   
 48 
 
There is a consensus on the adverse effect of maternal smoking on birth weight. 
Studies have also shown a dose-dependent and causative relationship with LBW.40 
Evidence supports the fact that mothers who stopped smoking by 15 weeks of 
pregnancy had a rate of LBW similar to mothers who do not smoke.  
 
5.3.2.7 Alcohol  
 
In this study, 10% and 2% of mothers who reported that they consumed alcohol 
during pregnancy were among case and control groups respectively. The Cape Town 
study conducted at Wine land /West Coast region reported a much higher alcohol 
consumption rate among cases (55%) than what was observed in this study.5 Sudesh 
et al, in contrast to findings of current study, reported alcohol intake during pregnancy 
to be very low and that the percentage of mothers who consumed alcohol during 
pregnancy were more in the control group than in the case group (1.3% control versus 
0.6% case). Gail found an almost equal percentage of mothers used alcohol or other 
drugs during pregnancy (8.6%, case vs 9.8%, control) in a study at University of 
Pennsylvania.28  In the current study, maternal alcohol consumption during pregnancy 
was positively associated with LBW, p <0.001. 
 
Mothers who consumed alcohol during pregnancy were five times more likely to 
deliver a LBW baby compared to mothers who did not (OR= 5.25, p= 0.002), in the 
bivariate regression analysis. The P value was not significant in the multivariate 
regression analysis. Lindsay reported that alcohol consumption during pregnancy 
increases the likelihood of delivering a LBW baby.
 18Another local study in the 
Eastern Cape also supported the finding by Lindsay.14 An Italian study also reported 
that maternal alcohol consumption of three or more drinks daily at any trimester 
increase the odds of delivering SGA threefold and this effect remained even after 
confounders were adjusted for.40 The inability of the current study to show alcohol as 
a significant risk factor for low birth weight was probably due to the small percentage 
of participants who reported alcohol intake during pregnancy.  It was not possible to 
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quantify alcohol consumption during pregnancy in this study because of the study 
design.  
 
5.3.3 Maternal clinical risk factors 
5.3.3.1 Timing of ANC booking 
 
Most of the mothers booked for ANC in the second trimester (64%) and the least 
number of bookings was in the first trimester (3%). Most studies did not investigate 
the timing of ANC bookings as a risk factor for low birth weight, they used the 
number of ANC visits as a proxy measure for the timing of an ANC booking. 
However, a study at Bale hospital in South-East Ethiopia reported a finding similar to 
this study’s in the distribution of timing of ANC booking.52 Almost 14% percent of 
mothers were unbooked in our study against 17% unbooked in the Bale zone study.52 
In this study, the mean gestational ages at ANC bookings were 21 and 23 weeks for 
case and control groups respectively. There was no significant difference between the 
mean gestational ages at ANC booking between the two groups. These mean 
gestational ages during ANC bookings were similar to the mean gestational ages at 
ANC booking (22 weeks) reported in a study in Cape the Winelands area.  
 
Using unbooked mothers as the referent class, mothers who booked in second (OR= 
0.06, P <0.01) or third trimester (OR= 0.07, P <0.01) were less likely to deliver a 
LBW baby compared to unbooked mothers. Booking in the first trimester does not 
appear to protect against LBW. This observation may be due to a relatively small 
number of mothers who booked in the first trimester (6%), compared to 64% and 25% 
in second and third trimester respectively. Similarly, in the multivariate logistic 
regression, using booking in the first trimester as the referent class, second trimester 
and third trimester booking were protective while the P value for unbooked mothers 
was not significant.  
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5.3.3.2 Number of ANC attendance   
 
Average number of ANC visits was more than two among case whereas control 
mothers had more than three ANC visits. A similar observation was reported by Pedro 
and Sudesh.48 There was a significant difference between the average number of ANC 
visits between the two groups, paired t-test, p <0.001. 
In this study, mothers who booked for ANC were less likely to deliver a LBW baby 
compared to unbooked mothers. This level of protection increased with increasing 
numbers of ANC visits {(1-2 visits, OR= 0.11, p =0.004) vs (3-4 visits, OR=0.07, p= 
<0.001)}. There is a wide variation in the reported influence of the number of ANC 
visits on LBW. Although most articles reported a significant association between the 
number of ANC visits and LBW, the direction of the association depended on the 
number of visits used as the referent value. Anaelena, using seven or more ANC visits 
as referent value, reported that less than six ANC visits increased the likelihood of 
delivering a LBW baby.16 A study conducted in Eastern Nepal used the number of 
ANC visits of more than four as the referent class, it was reported that 1-2 and 3-4 
visits were all protective.50 Ganesh classified ANC visits into regular and irregular 
visits and reported that with regular visits as the base group, ANC visits were not 
significantly associated with LBW, AOR= 1.28, CI= 0.57-2.90, p=0.55.53  It would be 
interesting to know the author’s definition of regular and irregular ANC visits, 
unfortunately, this definition was not given in the article.  
 
5.3.3.3 Maternal haemoglobin level 
 
5.3.3.3.1 Haemoglobin level at first ANC visit 
 
 The mean haemoglobin levels at the first ANC booking were 11.9g/dl (case) and 12.1 
g/dl (control) with no significant difference between the two means, paired t-test, P= 
0.327. Amongst the case group, mean haemoglobin levels during the first ANC 
booking were more than the most recent haemoglobin level in the third trimester or in 
labour, 95% C.I= 0.057- 0.556, p= 0.016. 
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Using anaemia at first ANC booking as a referent class, a third trimester haemoglobin 
level of 11g/l or more does not protect against delivering a LBW baby (OR=0.77, 
p=0.229).  This finding may be due to the fact that haemoglobin levels in the earlier 
part of a pregnancy are as important as haemoglobin levels in the latter part of a 
pregnancy. Most Authors did not report on haemoglobin levels at the first ANC visit, 
but during labour or in the third trimester. This makes it difficult to compare results 
from this study with those of others. 
 
5.4.14 Haemoglobin level in the third trimester 
 
The mean of the most recent haemoglobin level measured in the third trimester or in 
labour was 11.7g/dl (case) and 12.1 g/dl (control) with a significant difference 
between the two means, paired t-test, P= 0.001.  Among the control group, there was 
no significant difference between mean haemoglobin level during ANC booking and 
the most recent haemoglobin level in the third trimester or in labour, 95% C.I= -
0.264- 0.261, p= 0.993. 
 
In this study, using haemoglobin levels of less than 11g/dl as a referent class, most 
recent haemoglobin level in the third trimester of 11g/dl or more had a protective 
effect on the likelihood of delivering a LBW baby in the bivariate analysis (OR= 0.55, 
p= 0.004). Similar result were obtained in the multivariate logistic models, OR= 0.54, 
P= 0.048. 
 
Tunny, using a similar referent class to the one used in this study, reported that 
anaemia in pregnancy increased the odds of delivering a LBW baby.56 This finding 
was also upheld by Erika in a multi-country survey.57 Contrary to the findings of this 
study, Ravi reported that maternal anaemia is associated with LBW but it is not (< 
12g/dl) a significant risk factor for LBW in the multivariate logistic regression, 
AOR= 1.27, 95% CI= 0.59-2.71, p= 0.534.50 This finding may be related to the cut 
off value used for the definition of anaemia in Ravi’s study.  
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5.3.3.4 Hypertensive disorders of pregnancy 
 
Hypertensive disorders in pregnancy were observed in about 5% of the participants in 
this study, more were observed in the case than in the control groups. A similar 
finding was reported by Sachin,54 but the proportion of mothers with hypertension 
during pregnancy was much higher in the study by Sachin than in this study (23% 
case and 9% control). This lower percentage of mothers with hypertensive disorders 
in the current study could be due to the fact that the study was conducted in a level 
one hospital which caters for low to moderate risk mothers, whereas the study by 
Sachin was conducted at medical colleges, a higher level of care that caters for high-
risk obstetric patients. Hypertensive disorder of pregnancy was positively associated 
with LBW when analysed using the McNemar Chi-square test, P<0.001. 
Hypertensive disorder of pregnancy was not a significant risk factor for LBW in the 
MLR probably because of the small percentage of mothers with hypertensive disorder 
of pregnancy. Most studies report hypertensive disorder of pregnancy as a significant 
risk factor for LBW.26 
 
5.3.3.5 HIV status of mothers 
 
About 25% of the study participants had a positive HIV test and the proportion of 
HIV-positive mothers who delivered LBW was slightly higher than those who 
delivered NBW neonates (22% versus 20%). A similar study at a referral hospital in 
Tanzania reported 10.5% of mothers were HIV positive and 20% of them gave birth 
to LBW neonates,11 this finding is similar to the current findings. HIV positive status 
was positively associated with LBW when analysed using the McNemar Chi-square 
test, P <0.001. 
 
Maternal HIV positive status did not predict LBW (OR=1.09, p= 0.718), in the 
current study. A similar result was reported by Izunwa.14 A meta-analysis of cohort 
studies on the association between maternal HIV infection and LBW refuted this 
claim.58  The meta-analysis reported a significant association between LBW and 
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maternal HIV infection, with a pooled Odds Ratio of 1.65, 95% CI=1.49-1.63, 
P<0.001. The odds of delivering a LBW baby by an HIV positive mother was found 
to be slightly higher in low and middle-income countries than in high-income 
countries.  And the use of antiretroviral drugs did not significantly change this 
association. The variation in the current studies results and the result of the meta-
analysis, could be due to inadequate power in this study to detect a difference. Also, a 
study by James in rural KwaZulu-Natal in a non-randomised intervention study 
reported that maternal HIV-positive status is a significant risk factor for LBW.37  
 
5.3.3.6 Average maternal weight gain per week after the first trimester 
 
In this study, about 47% of participants had inadequate weight gain per week (<0.5kg 
per week) after the first trimester of pregnancy. The distribution of mothers with 
inadequate weight gain was almost equal between the two groups. Contrary to this 
study, most studies investigated one of; maternal pre-pregnancy weight, maternal 
weight gain over the entire duration of the pregnancy or basal metabolic rate. The 
researcher decided to investigate maternal weight gain per week in this study because 
this parameter is more likely to detect an inadequate weight gain during pregnancy 
earlier than the other weight-related parameters mentioned above.  
  
In contrast to the current study, Miguel et al reported that weight gain in their study 
was lower among case than control group participants and that there was a significant 
difference in mean weight gain per week between the two groups (P< 0.001).55 There 
was an almost equal number of mothers with inadequate weight gain per week in both 
groups in this study, probably due to a disproportionately higher number of missing 
values in the control group compared to the case group.  Sachin reported that weight 
gain during pregnancy was lower in the case group compared to the control group.54 
There was a significant difference between the mean maternal weight gain per week 
between case (0.4kg/week) and control (0.5kg/week) groups (paired t-test, p= 0.005). 
The average maternal weight gain per week reported in this study was higher than that 
reported by Miguel (0.24kg/week in case versus 0.29kg/week in control). In this 
study, mothers with inadequate weight gain during pregnancy were more likely to 
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deliver a LBW baby (OR= 3.0, P= 0.012) than those with an adequate weight gain per 
week after the first trimester. 
 
There is a paucity of research that reports maternal weight gain per week as a risk 
factor for LBW.  Miguel reported that maternal weight gain per week is a significant 
risk factor for LBW.55 It must be pointed out that the cut-off point for adequacy of 
maternal weight gain in the study by Miguel is unknown and the average maternal 
weight gain per week among control mothers was about 299g/week. This value is 
below the lower limit for adequate maternal weight gain per week by the WHO. A 
possible explanation for the low maternal weight gain per week in the study by 
Miguel was the fact that the study was conducted with mothers who lived in places 
that were of a high altitude and this may influence maternal weight gain because of 
tissue hypoxia.  
 
5.3.3.7 Miscarriage 
 
There were 15% and 10% of mothers with a prior history of a miscarriage in the case 
and control groups respectively. This finding was different to Ganesh’s finding of an 
almost equal distribution of number of mothers with a prior miscarriage history 
between case and control (7.3% and 8.7%) groups, in a district hospital in Karnataka. 
53Miscarriage is negatively associated with LBW, McNemar Chi-square test, 
P<0.001. 
 
A prior history of miscarriage did not predict LBW (OR 1.62, p=0.083), in this study. 
Similarly, Sudesh reported that a prior history of miscarriage was not significantly 
related to the delivery of a LBW baby.49 This finding was refuted by Gopomang who 
reported that mothers with a history of miscarriage are 1.3 times more likely to deliver 
LBW babies than mothers with no prior miscarriage history.31 The results of this 
study may be related to a relatively small number of mothers with a prior history of 
miscarriage. However, studies on effect of a prior history of miscarriage on birth 
weight have reported mixed findings. 40 
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                                                    CHAPTER 6 
                             CONCLUSIONS AND RECOMMENDATIONS 
 
6.1  Conclusions 
 
This study investigated maternal risk factors for low birth weight using a relatively strong 
methodology, matched case-control. This study has shown that haemoglobin levels of 11g/dl 
or more in the third trimester and more than four antenatal care attendance  has a protective 
effect on the likelihood of delivering a LBW baby, while, smoking during pregnancy 
increases the likelihood of delivering a LBW baby by about eightfold. Being an immigrant 
mother reduces the odds of delivering a LBW baby in this community. Alcohol consumption 
during pregnancy, hypertensive disorders of pregnancy and being married did not have a 
significant effect on the likelihood of delivering a LBW baby, this may be related to the 
power of the study. 
 
6.2 Recommendations  
 
The risk factors for low birth weight are multiple. It is therefore important to have an 
integrated approach to addressing these risks. It is recommended that anaemia in pregnancy 
should be prevented and haemoglobin of eleven g/dl or more should be aimed for.  
Booking in the first trimester should be encouraged and all pregnant women who present for 
booking should be seen on the same day and not told to come back at a later day. Intervention 
programmes such as smoking cessation have been shown to work and should be instituted to 
reduce maternal smoking during pregnancy.58 
The National Maternity Guideline does not recommend maternal weight measurement during 
each ANC visit. However, American Congress of Obstetrician and Gynaecology committee 
recommend different pregnancy weight gain for different maternal BMI categories.60 One can 
only know whether or not a mother is within or outside recommended pregnancy weight gain 
by serial maternal weight measurement during ANC visits. Evidence also showed that 
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inadequate maternal weight gain is associated with delivery of LBW baby. On this basis, the 
Department of Health should consider redesigning the maternal case record to have space to 
record maternal weight and to have a maternal weight chart on the MCR, similar to the 
symphysis-fundal height (SFH) chart. This chart should have drawn maternal weight graphs 
for 90th, 50th, and 10th centiles to make it easy to identify abnormal maternal weight gain 
during pregnancy early. Failure to adequately prevent LBW now may worsen the disease 
burden of future generations.  
 
6.3 Limitations 
 
 This is a retrospective case-control study and all the limitations of case-control studies apply. 
The researcher relied on self-reporting of behavioural risk factors, a mother who drinks 
alcohol during pregnancy and is aware of the risk this act pose to the unborn foetus, may not 
disclose alcohol intake to clinicians. One is not able to quantify how much alcohol or 
cigarettes a mother drinks or smokes. Mothers who were cohabiting with their partners may 
report that they are single, but this situation may afford them advantages similar to what is 
enjoyed by married women. This study focused on mothers who delivered in a level one 
hospital, it does not include mothers who delivered in a higher level of care or at home. This 
will impact on the generalizability of our result. 
There were a lot of missing values for the average maternal weight gain per week after the 
first trimester of pregnancy. A possible explanation could be the fact that the National 
Maternity Guideline did not recommend maternal weight measurement during follow up 
ANC visits.  
Maternal age was recorded as in the file, mothers ages could have changed by the time they 
delivered depending on their date of birth and date of delivery. Age at delivery would have 
been more appropriate to use. Birth weight was taken as it was in the file, it is uncertain how 
often the weighing scales in the hospital are calibrated. Gestational ages were taken as 
recorded in the file. There is uncertainty with the accuracy of the gestational ages 
documented in the file, some term babies may not be truly term. 
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                         Appendix 2: Certificate of approval by the CEO of SRH 
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Appendix 3: Information extraction form 
 
 
     Study number: 
 
1. Demographic characteristics of baby. 
 
          Male                 Female 
 
Sex of baby      
      
 
Baby’s weight 
(kg) 
  
  
 
   2.  Socio-demographic risk factors of mothers. 
 
Age (in years)    
    
Marital status (M,S,D,Wi)     
    
Gravidity    
    
Parity    
    
Race (W,C,B,In, Ch, O)    
    
Immigration status (I, N)     
    
Employment status(E,U)    
 
 
Site of ANC attendance: 
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3. Maternal clinical risk factors. 
 
             YES                   NO 
 
Hypertensive 
disorders 
    
     
HIV status     
     
HIV positive on 
treatment 
    
 
     
HIV positive on 
PMTCT 
    
 
TB on treatment     
 
     
TB completed 
treatment 
    
 
 
    Yes   No  
  
 ANC attendance       
       
Timing of ANC booking 
 
First trimester  
  
Second trimester  
  
Third trimester  
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Number of ANC visit(s) 
 
Visit 1   
   
Visit 2   
   
Visit 3   
   
Visit 4   
   
Visit 5   
   
Visit 6   
   
More than 6 
visits 
  
 
 
 
Hemoglobin level at first ANC visit (g/dl):  
 
Most recent hemoglobin level in third trimester (g/dl):  
Average weekly weight gain in pregnancy (kg):   
 
 
4.  Maternal behavioral risk factors. 
 
           Yes                     No 
 
Smoking       
      
Alcohol      
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Key  
 
 
B………………Black 
C………………Colored 
Ch…………….Chinese 
D………………Divorce 
E……………….Employed 
I………………..Immigrant 
In………………Indian 
M………………Married 
N……………….Non- immigrant 
S………………..Single 
U……………….Unemployed 
W……………...White 
Wi……………..Widow 
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                                 Appendix 4: Gauteng Provincial Government ANC card 
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                                    Appendix 5: Maternal Case Record file 
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                                                            Appendix 6: Case/control record 
 
 
 
Study 
number  
                  Cases 
 
              Control 
 Hospital 
number 
Age of 
mother 
Sex of 
baby 
Hospital 
number  
Age of 
mother 
Sex of 
baby 
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